Background: asymptomatic bacteriuria (ASB) is common among the institutionalised elderly (IE). The cytokine levels and factors associated with ASB are unknown. Objective: to analyse cytokines and factors associated with ASB among the IE living in long-term care facilities (LTCFs) in Taiwan. Methods: this case-control study included residents ≥65 years in two LTCFs. The demographics, functional status, serum and urine levels of cytokines and proteins were compared between IE with ASB and those with sterile urine. Logistic regression was used to determine the factors associated with ASB. Results: the IE with ASB had elevated IL-8 in blood and urine compared with the IE with sterile urine. The Barthel index score, serum creatinine, blood IL-8 and tumour necrosis factor-α levels were significant factors associated with ASB among the IE [odds ratio (OR) 0.957, 95% CI: 0.936-0.979, P < 0.0001; OR: 0.264, 95% CI: 0.076-0.912, P = 0.035 and OR: 1.088, 95% CI: 1.022-1.158, P = 0.009; OR: 0.828, 95% CI: 0.711-0.965, P = 0.016, respectively). Conclusion: functional status, renal function and blood cytokine levels were factors significantly associated with ASB among the IE living in Taiwan.
Introduction
Asymptomatic bacteriuria (ASB), defined as isolation of ≥10 5 colony-forming units per millilitre (CFU/ml) of bacteria in two consecutive appropriately collected urine specimens taken at 1-week intervals from an individual without apparent symptoms or signs of urinary tract infection (UTI) [1] , is common among the institutionalised elderly (IE) [2] . Nicolle reported a prevalence of ASB among the IE of 25-50% for women, and 15-35% for men [3] . ASB is associated with chronic low-grade inflammation that may be associated with malnutrition, functional decline and the progression of age-related pathological processes, such as dementia and atherosclerosis in the elderly [1, [4] [5] [6] .
Interactions between bacterial wall structures and receptors on urinary epithelial cells lead to inflammatory responses and stimulate local production of pro-inflammatory cytokines, such as interleukin-6 (IL-6) and IL-8, by renal tubular epithelial cells [7, 8] . IL-6 is induced by IL-1 and tumour necrosis † Hsiao-Ting Chang and Shiow-Jen Juang had equal contribution.
factor (TNF)-α, and it stimulates the production of acutephase proteins and immunoglobulins [9, 10] . IL-8 participates in neutrophil and lymphocyte chemo-attraction [11] . Both cytokines are elevated in the urine and serum of children with an UTI and ASB [12] . Rodhe et al. reported elevated urine IL-6 and IL-8 among community-dwelling elderly persons with ASB ≥80 years of age [13] . In addition, Prio et al. reported that elderly inpatients with ASB had increased blood TNF receptors and neutrophil levels compared with those without bacteriuria [6] .
Although the relationship between ASB and survival is not clear, ASB has been associated with functional disability and morbidity in the IE [1] . To date, the association between urine and serum levels of pro-inflammatory cytokines and receptors, in the IE, with and without ASB, has not been fully investigated. Therefore, the differences in demographics, functional and nutritional status, pro-inflammatory cytokines and receptor levels in the IE with and without ASB, were compared in private long-term care facilities (LTCFs) in Taiwan, and the factors associated with ASB were determined.
Material and methods

Ethics
The ethical committee of the National Yang-Ming University approved this study.
Settings and subjects
Residents ≥65 years of age who lived in two private LTCFs that care for dependent or chronically ill individuals with nursing needs were enrolled in this study after written, informed consent was obtained. Urine was collected by the standard clean-catch technique or sterile procedures, and then taken to the laboratory for further examination within 4 h. Repeat urine cultures were performed in 1 week, using the quantitative loop method. Organisms were counted and identified by using standard microbiologic methods. Bacteriuria was defined as one or more organisms isolated from two consecutive urine specimens (≥10 5 CFU/ml). Subjects who had indwelling urinary catheters or had symptoms suggestive of an UTI (e.g. fever, dysuria, frequency, urgency, gross haematuria or suprapubic pain) were excluded. ASB was diagnosed when identical microorganisms were isolated from two urine culture specimens taken 1 week apart from the same subject without UTI symptoms. Subjects with negative urine cultures and without UTI symptoms were included in the sterile urine control group.
Demographic data, functional status and laboratory data
Baseline information, including age, gender, emergency room (ER) visits and hospitalisation and anthropometric measurements consisting of height, weight, mid-arm circumference and triceps skin fold thickness were recorded.
A trained nurse measured the subjects' functional status using the Barthel index. The overnight fasting blood sugar and serum total protein, albumin, total cholesterol, triglyceride, white blood cell count, haemoglobin, blood urea nitrogen and creatinine were evaluated.
Measurements of urine, blood cytokines and C-reactive protein (CRP)
Urine and blood samples were analysed for IL-6, IL-8, TNF-α and the soluble receptor sTNF-R60 using Quantikine ® Human Immunoassay kits. The CRP concentrations were measured with an enzyme immunoassay kit (MININEPH™ HUMAN C-REACTIVE PROTEIN). The intra-assay and inter-assay coefficients of variation of the test kits were all less than 10%.
Statistical analysis
Baseline demographic, anthropometric measurements, functional and nutritional status, laboratory data and urine and blood cytokine levels were compared between the IE with ASB and those with sterile urine. Categorical data were analysed using the non-parametric Chi-square test; the MannWhitney U test was used for continuous variables. Binary logistic regression models were used to evaluate the risk factors associated with ASB. All statistics were performed with SPSS software version 17.0 (Chicago, IL, USA). Results with P values less than 0.05 (two-tailed) were considered statistically significant.
Results
A total of 136 residents had a mean age of 78.0 ± 9.9 years; 46 residents were in the ASB group, including 20 men (43.5%) and 26 women (56.5%), and 90 residents were in the sterile urine group, including 57 men (63.3%) and 33 women (36.7%). There was no significant difference in the mean age (P = 0.590).
Anthropometric measurements including body weight, mid-arm circumference values, measurements of the triceps skin fold thickness and BMI were not significantly different in the two groups (P = 0.061, P = 0.256 and P = 0.970, respectively). However, the residents with sterile urine were taller than those with ASB (P = 0.026). The ASB group had a significantly lower Barthel index than those with sterile urine (P = 0.001). ER visits and frequency of hospitalisation were not significantly different (Table 1) .
Serum total protein, albumin, cholesterol, triglyceride, white cell counts, haemoglobin, blood urea nitrogen and fasting glucose were not significantly different. Nevertheless, the mean serum creatinine level was significantly higher in the subjects with sterile urine than those with ASB, although both were within normal limits (Table 1) .
Serum cytokine levels including IL-8 and TNF-α were significantly higher in the ASB group than in the subjects with sterile urine (P = 0.009 and P = 0.011, respectively); however, there were no significant differences in the IL-6, sTNF-R60 and CRP levels between the two groups. The subjects in the ASB group had a significantly higher concentration of urine IL-8 than the group with sterile urine (P = 0.016); however, there were no significant differences in the IL-6, TNF-α, sTNF-R60 and CRP (Table 2) . Serum IL-6 was significantly associated with the serum CRP level (r = 0.440, P < 0.001). In addition, the serum TNF-α was significantly associated with the serum sTNF-R60 (r = 0.181, P = 0.048), urine TNF-α (r = 0.416, P < 0.0001) and urine CRP (r = 0.232, P = 0.044). Furthermore, the urine IL-8 was significantly associated with the urine IL-6 level (r = 0.294, P = 0.002).
The Barthel index score, serum creatinine, blood IL-8 and blood TNF-α levels were significantly associated with ASB among the IE [odds ratio (OR) 0.957, 95% confidence interval (CI) 0.936-0.979, P < 0.0001; OR: 0.264, 95% CI: 0.076-0.912, P = 0.035 and OR: 1.088, 95% CI: 1.022-1.158, P = 0.009; OR: 0.828, 95% CI: 0.711-0.965, P = 0.016, respectively].
Discussion
The IE with ASB were shorter, had a lower Barthel index score and serum creatinine, but had higher blood and urine IL-8 levels than the IE with sterile urine. The Barthel index score, blood creatinine, blood IL-8 and TNF-α levels were associated with ASB in the IE.
Urine IL-8 has been reported to be higher in elderly subjects with ASB compared with those without ASB [13] . The secretion of IL-8 from renal cells may initiate and maintain renal inflammation that in turn affects renal function causing high BUN and creatinine levels [14] . Whether elevated levels of urine IL-8 are a marker of initial or latent response to inflammation, or result from impaired local immune defences in the urinary tract of the elderly with ASB is unknown [13] . Therefore, the association of persistently elevated urinary IL-8 with related clinical outcomes requires long-term follow-up studies in the IE with ASB.
The Barthel index scores, serum creatinine, blood IL-8 and blood TNF-α were significantly associated with ASB. Ageing has been reported to be associated with increased levels of circulating cytokines [15] , including IL-6 [16, 17] and TNF-α [17, 18] . In this study, after adjusting for age, the blood IL-8 and TNF-α were significantly associated with ASB. This suggests that ASB affects chronic inflammation. The effects of inflammatory mediators are independent of pre-existing comorbidity and other traditional risk factors for death [18] ; they predict a functional decline in high-functioning community-dwelling elderly [19] . However, because of the cross-sectional design, the causal relationship between Barthel index scores, serum creatinine levels, blood IL-8, blood TNF-α levels and ASB could not be determined. In summary, IE with ASB had a low-grade inflammation and elevated levels of inflammatory cytokines. Further studies are needed to determine whether there is an association with age-related pathological processes and if there is a causal relationship between the Barthel index scores, serum creatinine levels, blood IL-8, blood TNF-α levels and ASB.
Key points
• The ASB subjects had higher blood and urine IL-8 levels than sterile urine subjects.
• The ASB subjects had significantly lower Barthel Index scores in comparison with the sterile urine subjects.
• Barthel index score, serum creatinine, IL-8 and TNF-a levels were significantly associated with ASB of elderly living in LTCFs.
